Introduction {#sec1-1}
============

Malocclusion is not a disease but a disorder. The orthodontic literature contains a large number of studies on the prevalence of malocclusion in different populations.\[[@ref1][@ref2][@ref3][@ref4][@ref5][@ref6][@ref7][@ref8][@ref9][@ref10]\] Studying the prevalence of occlusal traits in isolated human populations can provide valuable information regarding the aetiology of malocclusions and other complex traits.\[[@ref11]\]

In most of the studies, quantitative variables along with the Angle\'s classification were used to study the malocclusion.\[[@ref12]\] Tang and Wei\[[@ref13]\] described many methods to study malocclusion. They classified the methods as qualitative and quantitative. Qualitative variables define only the presence or absence of a selected malocclusion criterion. Angle\'s classification has been widely used as a qualitative epidemiological tool for malocclusion assessment.

Treatment planning is influenced by the variations seen between populations since what is normal for one group of people may not be normal for another. The Index of Orthodontic Treatment Need (IOTN), involving the Dental Health Component (DHC) and the Aesthetic Component (AC), is the tool most frequently used for measuring treatment need.\[[@ref14][@ref15]\]

Despite the amount of literature on the subject,\[[@ref1][@ref2][@ref3][@ref4][@ref5][@ref6][@ref7][@ref8][@ref9][@ref10]\] there have been very few studies on the population of the Gulf region and there are no epidemiologic studies specific to the Omani population. The aim of the present study was, therefore, to document the prevalence of individual traits of malocclusion and orthodontic treatment need in a sample of Omani adolescents aged 11--16 years who represent the most common orthodontic treatment age group.

Materials and Methods {#sec1-2}
=====================

The sample consisted of 854 subjects consisting of 387 males and 467 females randomly selected from a population of Omani adolescents. The age range was 11--16 years with a mean age of 12.6 years. The study design was cross-sectional. The sample was derived exclusively from students in schools and not from only those seeking orthodontic treatment. The examinations were carried out at a school in a room set up for dental examinations with basic examination instruments which included a metal ruler with millimetre increments. The examination was clinical only and no models, photographs or radiographs were used (except to diagnose impactions). The patient was seated in the upright position without backrest and was asked to look at a far-away object through a window to orient his/her head in natural head position. Family name was registered in order to determine the racial composition of the sample. All male and female samples who met the following criteria were included in the sample:

Age 11--16 yearsNo previous history of orthodontic treatmentOmani descent (both parents and grandparents must be of Omani Arab origin without any interracial marriage disregard of the country of born or language spoken).

Ethical approval was obtained from the research and ethics committee of Al Nahdha Hospital, Ministry of Health, Sultanate of Oman and permission to examine the children from the Ministry of Education in Oman.

The characteristics studied were as follows: skeletal malocclusion, competency of lips, oral hygiene, number of dental caries, presence or absence of impacted teeth, missing teeth, contact point displacement, crowding of maxillary and mandibular teeth, spacing, incisor classification, overjet, overbite, open bite, midlines, crossbites, supernumerary, submerged deciduous teeth, molar relation and presence of cleft lip or palate.

The skeletal malocclusion was recorded as Class I, II or III based on chairside clinical evaluation using two finger method (index and middle finger) only and not using radiographs. The evaluator\'s index finger is placed in the subject\'s soft tissue point A and the middle finger is placed in soft tissue point B. If the fingers and hand are pointed horizontally the patient is classified as Class I, if the hand points upwards the patient is Class II and if downwards then the patient is classified as Class III.

Lip competency was recorded as competent if the subject\'s lips were touching without strain during resting position or non-competent if the lips had strain or were not touching at rest. Oral hygiene was recorded as good or poor based on visual observation considering the amount of plaque and calculus present. The number of caries present was recorded from 0 to 9.

The presence or absence of impacted teeth and missing teeth was recorded and confirmed by dental panoramic radiograph. A tooth was considered impacted if it had not erupted in the oral cavity beyond the average time of its eruption and the root is completely formed or at least two-third of the root is formed. Contact point displacement was measured and recorded in three groups -- 0 mm, 0--4 mm and above 4 mm. Crowding in the maxillary and mandibular arches was recorded as absent, mild, moderate and severe (1--3 mm = mild; 4--6 mm = moderate; \>6 mm = severe).\[[@ref16]\] The incisor relationship was recorded as Class I, II div 1, II div 2 and III. Overjet was measured as the horizontal distance between the labial surfaces of the maxillary and mandibular central incisors. The distance was measured with a ruler. Overjet was recorded in two categories -- less than and more than 6 mm.

The overbite was considered normal if the maxillary central incisors overlapped the incisal third of the crown of the mandibular central incisors. The overbite was classified as increased if the overlap exceeded the middle third of the crown of the mandibular central incisors and reduced if it was less than incisal third of the crown. Open bite was recorded as absent, \<4 mm and \>4 mm.

Midlines were observed and recorded as dental midline centred (c) and non-centred (nc). Crossbite was recorded as absent, anterior crossbite, posterior crossbite or anterior and posterior crossbite present. Presence or absence of supernumerary teeth and submerged teeth was recorded. The molar relationship was recorded as Class I, II or III for the right and left sides.\[[@ref16]\] Presence or absence of cleft lip/palate was recorded.

The demand for orthodontic treatment was also recorded and so was the IOTN. The findings served to determine orthodontic treatment need (IOTN).\[[@ref14][@ref15]\] Categories such as no treatment need, borderline need or great need were based on 5 grades in the DHC and 10 grades in the AC.

Statistical analysis {#sec2-1}
--------------------

The examinations were completed in 6 months by the same examiner. Intra examiner reliability tested by re-examining 30 subjects after a period of 1 month was (r = 0.9) high.\[[@ref17]\] The acceptable error margins allowed us to proceed. Number and percentage of subjects with the mentioned parameters was calculated. Number of subjects with diagnosed anomaly (*n*) and its prevalence (*n*/*N* × 100, where *N* is the number of subjects examined) was determined. The data were coded, entered into a computer and analysed with the SPSS software package (version 13.0, SPSS Inc., Chicago, III., USA). Descriptive statistics were performed regarding all the parameters \[Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}\].
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Results {#sec1-3}
=======

The results are depicted in [Table 1](#T1){ref-type="table"}. There was a high prevalence of Class I jaw relationship (86.2%). In this sample, 9.6% had skeletal Class II and 4.2% had skeletal Class III relations.

About 81.6% of the sample studied had Class I molar relationship, 14.2% had Class II and 4.2% had Class III molar relationship. This was for the right-side molars. The left-side molar relationship was similar with only slight differences as seen in [Table 1](#T1){ref-type="table"}.

In the sample 73.8% had Class I incisors relationship. Around 94.8% had competent lips. Although only 55% were found to have good oral hygiene, 72.2% had no caries. About 61.4% of the sample had no contact displacement while 5.2% had contact displacement \>4 mm. Severe crowding in the maxilla was found in 2.3% while spacing was found in 24.2%. About 11% of the sample studied had Class II div 1 incisors relationship, 13.5% had Class III and only 1.8% had Class II div 2 incisors relationship. Only 8.6% of the sample studied had an overjet \>6 mm while 16.3% had a deep bite and 0.2% had anterior open bite of \> 4 mm. Teeth impaction was found in 11.7% while permanent missing teeth was present in 1.8%. The results showed that 13.9% had a very great need for treatment while 43.2% of the sample did not need any treatment. [Table 2](#T2){ref-type="table"} provides the descriptive statistics of the treatment need \[Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}\].

Discussion {#sec1-4}
==========

Although many studies have been published that describe the prevalence of malocclusion, it is difficult to compare them because of the varying methods and indices used to assess and record malocclusion and differing sample sizes.\[[@ref18]\]

In our study we found that 86.2% of the sample of the Omani adolescents had Class I skeletal relationship, 9.6% had skeletal Class II and 4.2% had skeletal Class III relations. The skeletal bases classification was based on clinical examination only and a lateral cephalometric radiograph might confirm the clinical results. However, it is not ethical to expose the subjects to radiation for the sake of the study.

In a study on prevalence of skeletal malocclusion in Saudi Arabia,\[[@ref19]\] it was found that 42% of the sample had skeletal malocclusion and among them 49% reported with Class III skeletal deformity. Such high prevalence could be attributed to the fact that the study was conducted only on patients seeking treatment in the orthodontic centre.

We found that 81.6% of the sample had Class I molar relationship. Although Angle\'s classification does not incorporate vertical and transverse abnormalities, it is a universally accepted system that is reliable and repeatable and minimizes examiner subjectivity. In a similar study on a sample from the Kuwaiti adolescent population\[[@ref20]\] only 57.8% had Class I molar relationship. This difference could be due to the innate racial differences or due to the strict criteria used in the latter study to define Class I molar relationship. In another study Class I malocclusion was found in 34.9% of the 2329 individuals examined, Class II div 1 in 40.0%, Class II div 2 in 4.7% and Class III malocclusion was found in 10.3% of the sample.\[[@ref21]\] Onyeaso\[[@ref22]\] found that Class I malocclusion was more common in Nigerian adolescents (50%). In a study by Silva and Kang,\[[@ref18]\] latin adolescents demonstrated a higher rate of Class I malocclusion of 69.4%. Hence there are definite racial differences in the incidence of malocclusion.

Ethnic background of the sample may result in higher or lower rates of some anomalies.\[[@ref23]\] According to Stecker *et al.*,\[[@ref24]\] dental practitioners who are aware of ethnic differences in the occurrence of dental anomalies will be more aware in finding them in patients during routine examinations, and may be predictive of normal patterns of tooth development and/or eruption, allowing for prompt clinical intervention to avoid complicating pathology. In our study the presence of impacted teeth was found to be 11.7% in Omanis. This did not include third molars. In another study conducted on a sample from the western region of Saudi Arabia\[[@ref25]\] it was found that the incidence of impaction (excluding third molars) was 21.2% which was higher than that found in Omanis. The lower incidence in Omani\'s could be due to the fact that the sample was from school children and not from only those seeking treatment.

In our study the prevalence of supernumerary teeth was found to be 0.2% among Omanis. The prevalence reported in the literature ranges from 0.1 to 3.8% of the population depending on the race.\[[@ref22][@ref26][@ref27]\] Bäckman and Wahlin\[[@ref27]\] conducted a clinical study by examining 739 Caucasian children and found 14 cases (1.9%) of at least one supernumerary tooth, and the majority of the supernumerary teeth reported were mesiodens. Salem\[[@ref26]\] investigated the incidence of supernumerary teeth in a sample of 2393 Saudi Arabian children and found that only 0.5% sample studied had at least one supernumerary tooth.

Congenitally missing teeth were found to be the most prevalent anomaly (25.7%) in Saudi populations.\[[@ref25]\] But in our study only 1.8% of the sample studied had missing teeth. This could be due to the fact that the sample studied among Arabs included both adults and adolescents and the Saudi race is heterogeneous in nature.

In our study on Omani population it was found that the contact point displacement in anteriors was 0 mm in 61.4%, 0--4 mm in 33.5% and \>4 mm in 5.2% of the sample studied. In another study severe irregularity of \>6.5 mm was equally prevalent (about 10%) in both arches among Kuwaiti sample.\[[@ref20]\] Hence we can conclude that Omanis had a lesser prevalence of severe contact point displacement than the Kuwait sample.

In this study it was also found that severe crowding in the maxilla was 2.3% of the sample and 72.4% of the sample did not have crowding in the maxilla while 62.3% did not have crowding in the mandible. Crowding in the anterior segment of one or both arches was the most frequent of all anomalies recorded (65.2%) in the Central Anatolian adolescents by Gelgör *et al.*\[[@ref21]\] In this study anterior crowding was greater in the upper arch than the lower arch but in the Omani sample it was found that the reverse was true. The National Health and Nutrition Survey III, undertaken in the United States between 1989 and 1994, showed a frequency of crowding ranging from 42.3% at ages 8--11 years to 54.5% at ages 12--17 years.\[[@ref28]\] This was higher than what we found in the Omani sample.

In our study it was found that 73.8% had Class I incisors relationship. About 11% of the sample studied had Class II div 1 incisors relationship, 13.5% had Class III and only 1.8% had Class II div 2 incisors relationship. In previous studies\[[@ref20][@ref21]\] done on other populations there has been no separate examination of incisor relation independent of molar relation and the results are expressed as Class I, Class II div 1, Class II div 2 or Class III as an overall sagittal relation. Hence comparisons cannot be drawn between the two.

About 24.2% of our sample had spacing in the maxilla only. In Kuwaiti adolescents\[[@ref20]\]29.3% were found to have maxillary anterior spacing.

Only 8.6% of our sample studied had an overjet \>6 mm. In a study on Kuwaiti adolescents\[[@ref20]\] the mean overjet was 3.5 ± 2.0 mm ranging from --6.0 to 12.0 mm. In another study the prevalence of increased overjet was 25.1%.\[[@ref21]\] In a French sample, increased overjet was present in fewer subjects (6%).\[[@ref5]\]

In our study anterior open bite was absent in 97.8% of the sample and anterior open bite \>4 mm was present in 0.2% of the sample. In the Central Anatolian adolescents, the prevalence of open bite was 8.2%\[[@ref21]\] which was higher than the values we found in Omani population.

Deep bite prevalence was 16.3%. In another study the prevalence of open bite and deep bite malocclusions were found to be 7.9 and 22.0%, respectively in Kuwaiti adolescents.\[[@ref20]\] Increased overbite was recorded in 18.3% of the Central Anatolian adolescents.\[[@ref12]\] In another study of the vertical anomalies, increased overbite was more than twice as frequent as anterior open bite.\[[@ref12]\] In our sample too deep bite was more frequent than open bite.

In this study 6.8% had posterior crossbite. In another study posterior crossbite was observed in 9.5% of the sample.\[[@ref12]\] Perillo *et al.* showed a higher percentage for crossbite (14.2%).\[[@ref29]\]

In this study it was found that the prevalence of cleft lip/palate was 0.1% in Omanis. Another study\[[@ref30]\] found the highest rates for any oral cleft, isolated cleft palate and cleft lip with and without palate in the white (non-Hispanic) population. The prevalence of cleft lip and/or palate reported in Saudi Arabia varied greatly from 0.3 to 2.4 per 1000 live births.\[[@ref31]\]

Güray *et al.*\[[@ref32]\] used the Treatment Priority Index, and found 72.26% of 483 primary school students from Konya district (Anatolia) required orthodontic treatment. In another study by Gelgör *et al.*\[[@ref21]\] which included a wide adolescent sample malocclusion the need for treatment was found to be 89.9%. In a study by Bilgic *et al.*,\[[@ref12]\] according to the DHC of the IOTN, 28.7% of the whole sample was classified as being in need of orthodontic treatment (grades 4 and 5). The results showed that the percentage was relatively greater than those reported by Souames *et al.*\[[@ref33]\] in France and Perillo *et al.*\[[@ref29]\] in Italy (21.3% and 27.3%, respectively). However, the British studies\[[@ref15]\] found a higher prevalence rate for untreated subjects: 32.7%, 33% and 35%. Josefsson *et al.*\[[@ref34]\] found 39.5% of orthodontic treatment need in a Swedish sample. Among the Omani population, the present study found that there was moderate need for the treatment in 10.9%, great need for the treatment in 9.4% and very great need for the treatment in 13.9% of the sample. The detailed IOTN values are given in [Table 2](#T2){ref-type="table"}. The findings of the present study, therefore, indicated that a substantial need for orthodontic intervention was present, but it was generally lower than northern European populations.

In our study the sample was not balanced between male and female subjects since it was based on availability. The percentage of males was 45% and females was 54%. This is one of the potential drawbacks of this study.

Also the sample was derived from students in schools and not only from those seeking orthodontic treatment who came to any clinic or hospital. If the sample had included only those seeking treatment then the percentage of malocclusion would have been higher. To avoid this the sample was taken from school students regardless of their desire for treatment.

It is accepted that several genetic and environmental interacting factors are related to the aetiology of malocclusions. In this study the sample was homogeneous with respect to ethnic background by excluding non-Omani subjects and also Caucacian, African and Chinese. Although, the examined group was not randomized, this was thefirst study to be undertaken on Omani population and therefore it provides an insight about the prevalence of malocclusion in Oman. Our findings may therefore serve as a reference when planning orthodontic services in Oman and when comparing prevalence of different types of malocclusion traits between Omani and other ethnic groups.

Conclusion {#sec1-5}
==========

Among Omani adolescents there was a high prevalence of Class I jaw relations and Class I molar relationship. The results showed a small percentage had a very great need for treatment while a moderate percentage of the sample did not need any treatment. There were slight differences between the values found for Omanis compared to other populations which can be attributed to racial differences or differences in methodology and selection criteria.
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